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~ur knowledge of the functional activity of the epidermal 
anger hans cell has been severely hampered by the lack of an 
easy method of purification of these cells that is both efficient 
and reproducible. In the present study we have used immun-
Orn~gnetic beads directly conjugated to an IgM class mouse 
bntt-human human leukocyte antigen OR monoclonal anti-
o~y to positively select human Langerhans cells from an 
h~ldermal cell suspension. cells were then treated with a 
d Igh-affinity polyclonal anti-mouse immunoglobulin that 
et~ched the beads by competing with the antigen for the 
antigen-binding site on the monoclonal antibody. T his pro-
cedure allowed removal of the immunomagnetic beads,leav-
ing Langerhans cells free from bound antibody. Recovery of 
Langerhans cells ranged from 40 to 80% of the starting num-
ber of Langerhans cells. The resulting cells were up to 99% 
COla positive and showed potent functional activity in the 
allogeneic mixed epidermal cell-lymphocyte reaction. Kera-
tinocytes were shown to exert a profound inhibitory effect on 
Langerhans cell function that could not be prevented by in-
domethacin. This method is technically simple and allows 
good recovery of a highly purified population of Langerhans 
cells that are functionally active. ] Invest Dermatol 99:237-
240, 1992 
---------------------------------------------------------------------------------------------------
H uman epidermal Langerhans cells (LC) are an im-portant population of immunologically compete?-t dendritic cells in the epidermis. These are found in low numbers in the epidermis and represent 0.5-eXa . 2% of the epidermal cells, depending on the site 
tnlned. In order to be able to assess fully the role of the LC in the 
~ornplex immunology of the skin it is imperative that pure popula-
~o~s ~e obtained. Any purification procedure, however, must 
~~tatn both the phenotypic and functional integrity of the cell. 
i Iln.ce the first report by Sting I et al [1] in 1978 of their method of 
tSO atl~n of LC, many different techniques have been utilized to try 
9~~chleve purification of LC. Enrichments of between 18% and 
c 0 ha~e been reported [2-6], the methods varying in time and 
p0tnplexlty. The majority of reported techniques however, have 
thove~ t? be irreproducible in most laboratories, are so inefficient 
in ~ It IS .Impossible to generate sufficient cells to be able to use th~m 
\Vh,UhctlOnal assays, or the cells are bound with immunoglobuhn, 
~c may affect their functional capabilities. . 
e he a~vent of immunomagnetic beads heralded the promlse of 
easy pUnfication of LC from epidermal cell suspensions [7] . How-
O~hr, alt~lOugh the beads proved successful in separating LC from 
er epidermal cells, it was impossible to detach the beads from the 
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cells, resulting in impaired functional activity. The reason for this 
potent and apparently irreversible binding of the immunomagnetic 
beads to LC is difficult to explain, because the antibodies usually 
used were directed against CDla and LC have been shown to inter-
nalize CD1, which should facilitate removal of the beads [8]' 
In this study we used a simple, rapid, and relatively efficient 
method of generating a very highly enriched non-antibody-bound 
population of LC from epidermal cell suspensions using a modifica-
tion of the immunomagnetic bead technique. 
MATERIALS AND METHODS 
Preparation of Epidermal Cells Normal human skin was ob-
tained from cosmetic surgical procedures. The underlying subcuta-
neous fat was removed and the skin decontaminated in RPMI 1640 
supplemented with penicillin 50 iu/mI, streptomycin 50 ,ug/ml, 
and fungizone 30 ,ug/ml (Flow Laboratories) for 30 min at room 
temperature. The skin was cut into 5-mm2 pieces, washed in phos-
phate-buffered saline (PBS), and incubated at 4°C overnight in 
dispase (2 mg/ml) (Boeringer) in PBS. The next morning the epi-
dermis was removed from the underlying dermis with fine forceps 
and incubated at 37 °C for 15 min in trypsin {0.05%)/EDTA 
(0.02%) (Gibco) with or without DNase 10-100 u/ml (Calbio-
chern) and a single-cell suspension obtained by agitation and passage 
through sterile gauze. The cells were washed two times in RPMI 
1640 with or without DNase 10-100 u/ml and either used fresh or 
cultured in RPMI 1640 supplemented with 10% fetal bovine serum 
(FBS) (TecGen), 50 iu/ml penicillin, 50 ,ug/ml streptomycin, 
2 mM L-glutamine (Flow Laboratories), 50 ng/ml choleratoxin, 
and 5 ,ug/ml hydrocortisone (Sigma) at a seeding densiry of 1-3 X 
106/ml for 3 d at 3rC with 5% CO2/95% air. After culture, the 
non-adherent population that contained the LC was harvested and 
washed once in PBS with 2% FBS. The adherent population of cells 
was used as a source of keratinocytes and, when required, were 
removed from the culture vessels by warm trypsinization using 
trypsin (0.05%)/EDTA (0.2%) for 15 min at 3rc. 
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Separation of Langerhans Cells Using Dynal Beads The 
Dynal beads conjugated with a mouse IgM anti-human class II 
monoclonal antibody (Dynal UK Ltd.), were washed three times 
using the Dynal magnet in PBS with 2% FBS and resuspended to 
2 X 108 beads/ml in PBS with 2% FBS. 
Fresh epidermal cells or cultured non-adherent epidermal cells 
were washed in PBS and resuspended at 5 X 107/ ml in PBS with 
2% FBS. Twenty-five microliters of anti-class II coated Dynal 
beads were added to each milliliter of cells (corresponding to an 
approximate bead to LC ratio of 10: 1) and gently rotated at 4°C for 
30 min. The cells bound to beads were separated using the Dynal 
magnet and resuspended in 100,ul of RPM I with 2% FBS. Ten 
microliters (1 unit) of Detachabead (Dynal UK Ltd.) was added to 
the mixture and gently rotated at room temperature for 45 min. 
Detachabead is a polyclonal sheep, high-affinity anti-mouse immu-
noglobulin that detaches the beads by competitive binding [9]. The 
detached beads were removed using the Dynal magnet and the cells 
washed twice in RPMI with 2% FBS and resuspended at 2 X 104/ 
ml in RPM I with 10% heat-inactivated pooled normal human 
serum (HINHS), 50 iu/ml penicillin, 50 ,ug/ml streptomicin, and 
2 mM L-glutamine. 
Assessment of the Phenotype of the Isolated Cells The start-
ing population, the Dynal bead - purified population, and the Dynal 
bead - non-bound population were labeled by a two-stage immuno-
fluorescence procedure using anti-CD la and anti - class II monoclo-
nal antibodies (MoAb), Dako T6, and Dako human leukocyte anti-
gen (HLA) DR (Dakopatts), in parallel samples. Cells were 
visualized using a F(ab')z fluorescein isothiocyanate (FITC)-labeled 
anti-mouse Ig (Dakopatts, Denmark) and enumerated by fluores-
cence-acti"ated cell sorter (FACS) analysis when 10,000 cells were 
counted, or by eye using a Leitz fluorescent microscope, when 500-
1500 cells were counted. As a negative control the primary MoAb 
was excluded or an irrelevant anti-CD3 MoAb was used. The 
former also allowed confirmation that all immunoglobulin had 
been removed from the LC by the Detachabead. In our experience 
cultured cells non-specifically take up FITC and fluoresce a dull 
yellow that is totally distinct from positive green staining. How-
ever, the FACS often cannot distinguish this background fluores-
cence and we therefore routinely assess cell labelling visually as well 
as by FACS. 
Assessment of the Functional Activity of the Isolated 
Cells The alloantigen-presenting capacity of cultured epidermal 
LC was assessed 'using the allogeneic mixed epidermal cell-lympho-
cyte reaction [10]. In brief, 96-well round bottomed microtiter 
plates (Flow) were used. For these assays LC were defined as 
CDl + cells. Purified LC, purified LC with beads still attached, 
keratinocytes, and unpurified epidermal suspensions were irradiated 
with 3.5 K rads from a gamma cell cobalt source and added at 30 to 
2000 (LC, with or without beads still attached) or 3125 to 2 X 105 
(epidermal cell suspensions) cells per well. Responder cells were 
allogeneic peripheral blood mononuclear cells obtained from he- ' 
parinized venous blood from three or four normal volunteers, pre-
pared by fico 1 hypaque density sedimentation and used at 3 X 105 
cells per well. The cells were incubated in RPMI 1640 supple-
mented with 5% HINHS, 2 mM L-glutamine, 50 iu/ml penicillin, 
and 50 ,ug/ml streptomycin, at 37 0 C with 5% CO2/95% air for 6 d. 
The cells were pulsed with 1 ,uCi 3H thymidine/well (Amersham, 
U .K.) for the final 18 h, the wells harvested onto filter mats using a 
Skatron cell harvester, and the cell-associated radioactivity assessed 
using a Beckman Scintillation counter. 
To assess the effect of anti-HLA DR MoAb binding to and release 
from LC on their functional activity, purified LC were reconsti-
tuted with non-adherent keratinocytes to normal epidermal cell 
proportions, i.e., 1 LC: 100 keratinocytes, and this population used 
as the stimulator population at 105 cells/well. 
To assess the effect of bound beads on LC functional activity, the 
LC and bead-attached LC were used in parallel studies as stimulator 
populations at 30 to 2000 cells/well. To assess the effect of adherent 
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Phenotype of Cells Separated Using Dynal Beads andJ 
Detachabead ~\ 
Table I. 
Cells C01a+ ± so HLA OR+ ± SD 
----------------------------------------------- ---
Freshly separated epidermal cells 2.04 ± 1.50 
Enriched LC from freshly sepa- 51.55 ± 2.05 
rated epidermal cells 
Enriched LC from freshly sepa- 63.25 ± 11.06 
rated epidermal cells after 0 N ase 
treatment 
Cultured non-adherent epidermal 2.10 ± 1.56 
cells 
Enriched LC from cultured non- 97.1 ± 2.8 
1.57 ± 0.90 
50.90 ± 0.92 
65.5 ± 10.29 
1.6 ± 1.11 
95.7 ± 4.57 
adherent epidermal cells --------~-----------------------------------------
keratinocytes on LC function, 1000 LC/well were used as stimula-
tor cells and 50-100,000 adherent keratinocytes were added in the 
presence or absence of indomethacin 1,ug/ml (Evans Medical Ltd). 
RESULTS 
Results given below represent the results of five separate sets of 
experiments. 
Separation and Phenotype of the Separated Cells In proc~ss­
ing freshly separated epidermal cells, considerable cell clumpln~ 
was observed. This resulted in keratinocytes that had clumped 
with LC being separated in the bead population. This was reflect~A 
in the purity of the final product, which only reached 50-53 0 
CDla + ve. When DNase was used at 10-100 u/ml in the p.roce~­
ing of the cells, a reduction in clumping was observed dunng t e 
bead selection, although purity still remained unacceptably 10; 
(60-80%). Cells that had been cultured for 3 d, however, did nl) 
clump and purity of the cells was 93-99% CDt + ve (Table . 
Both negative controls showed no labeling of the cells, which deh-onstrated that the Detachabeads removed all the MoAb from t e 
surface of the LC. 
Recovery and Viability With cultured cells a recovery of 61 f 
21 % of the starting population of LC was observed. These lev~S 
could be raised if the bead-to-cell ratio was increased; however t IS 
resulted in poorer detachment of beads. With a starting populatl~ 
of 3 X 108 cells we were consistently able to purify more than 1 _ 
bead-free LC, which was sufficient to conduct a number of funf 
tional studies . The viability of the purified cells was co~sistento: 
higher than 95%. The negative controls confirm that allimmun C 
globulin associated with the Dynal beads was removed from the L 
by the Detachabead (Fig 1). 
Functional Activity of the Cells Due to the problems of puri~ 
detailed above with freshly separated epidermal cells, all fu~Ctlon~1 
assays were performed on LC purified from cultured epiderm 
cells . Purified LC showed potent alloantigen-presenting capaCItY! 
which was enhanced when compared with equivalent numbers 0_ 
LC cells in epidermal cell suspensions, i.e., contaminated with kerk_ tinocytes (Fig 2). The presence ofDynal beads attached to LC mar 
edly impaired LC function (Fig 2). f he 
The binding of the Dynal beads and subsequent removal 0 t _ 
beads did not affect the functional activity of the LC as deJIlon b -
strated in the reconstitution assays (Fig 3). When non_a~here~1 
keratin~cytes were added back to purified LC to norma~ eplder:i_ 
proportions, the enhancement ofLC function observed III the P of 
fied LC was lost, demonstrating that this was due to the absence 
keratinocytes rather than activation of LC by the Dynal bead~ al 
The addition of cultured adherent keratinocytes (i.e., the d ase_ 
keratinocyte population) to purified LC resulted in a marked 05 e-
dependent inhibition of LC function (Fig 4), which ~as no~rse 
vented by the addition of indomethacin (1 mg/ml) (Fig 4).. ~t5 
experiments support the results of the reconstitution expenm£ed 
shown in Fig 3, and suggest that the increased potency of pun 
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d 19ure 1. FACS printout of CDta staining of cultured non-adherent epi-
errnal cells before and after selection with Dynal beads. 
;C Was the result of removal of keratinocytes that were producing 
uppressive factors. 
DISCUSSION 
~hebneed for a simple and reliable method for the purification ofLC 
of\ een an essential goal for all investigators involved in the ~tudy 
act" ~. To date, almost all our information about the functional 
t> l~lty .of LC in antigen processing and presentation and cytokine l~~ Uctlo.n has been generated using mixed cell populations of LC 
Ca teratlnOcytes [11-13]. Our knowledge that keratinocytes. are 
[1 ~i Ie of generating a vast array of immunomodulatory cytokmes 
W h makes the use of such impure systems untenable. In this study, ep~d aVe used a simple and reliable method of purifying LC fr~m 
pr 1 erma.l cell suspensions, achieving up to 99% pure LC with ~ervatlOn of phenotypic and functional characteristics. 
w problem encountered with freshly separated epidermal cells 
oththat of clumping of the cells, which resulted in contamination 
cI t e :nd cell population and a marked reduction in LC purity. This seUmpl~g could be reduced by the use of DNase in the media during 
IllPahatlOn of the cells, although it could not be fully prevented. The 
ec antsm behind this clumping needs to be examined. 
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Figure 2. Functional activity of purified Langerhans cells in the; mixed 
epidermal cell-lymphocyte reaction, compared with the Langerhans cells in 
cultured epidermal cell suspensions and purified Langerhans cells with 
Dynal beads still attached. Whole unseparated cultured epidermal cells are 
shown as open circles, purified Langerhans cells with beads still attached as 
closed circles, and purified Langerhans cells with the beads detached as closed 
squares. (Mean of to responders ± SEM.) 
The precise mechanism by which the Detachabead works is un-
known. This polyclonal antibody only works with IgM class mouse 
MoAb and we assume that it is due to binding to determinants close 
to the antigen-binding site of the MoAb, which interferes with 
binding to the cell-membrane antigen and allows detachment of the 
bead [9]. We used an anti - class II MoAb in this study because it was 
commercially available directly conjugated to the beads, but an IgM 
anti-CD1 could be substituted. Phenotypic labeling confirmed that 
the Detachabead removed all anti-class II MoAb from LC, in agree-
ment with previous studies on other cell types [9] . 
150000 
• Whole II LC 
II LC +KC 
100000 
::2: 
[L 
C 
50000 
o -i---
Figure 3. Demonstration that attachment ofDynal beads followed by de-
tachment with Detachabead does not alter the functional activity of cultured 
epidermal Langerhans cells. Whole, whole cultured epidermal cells; LC, 
Langerhans cell purified with Dynal beads and Detachabead; and LC + KC, 
Langerhans cell purified with Dynal beads and Detachabead followed by 
reconstitution with non-adherent, Langerhans cell depleted cultured epi-
dermal cells. (Mean of nine responders ± SEM.) 
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Figure 4. Inhibition of the functional activity of cultured Langerhans cells 
by cultured adherent keratinocytes, in the presence (closed circles) or absence 
(open circles) of indomethacin l,ug/ml (mean of 12 responders ± SEM). 
Langerhans cells in .the absence of keratinocytes 108,469 ± 21,393, and 
Langerhans cells in the absence of keratinocytes but in the presence of 
indomethacin 104,212 ± 20,126. 
Our results demonstrate that purified LC express more potent 
functional activity than unpurified LC on a per cell basis and that 
this increased activity is directly related to the removal of keratino-
cytes rather than activation of the LC by binding of anti - class II 
MoAb. There are three possible mechanisms for this: 1) dilution of 
specific antigen (HLA DR ofLe) by irrelevant antigen on keratino-
cytes; 2) non-specific cell crowding by the added keratinocytes 
competing with nutrients; or 3) the production of immunosuppres-
sive cytokines by the basal keratinocytes. Further studies are needed 
to determine which of the three mechanisms are operative, but 
results in this study suggest that it is the production of immunosup-
pressive factors by basal keratinocytes that is important. In the re-
constitution experiments, where non-adherent keratinocytes (i.e., 
those in which basal keratinocytes had been removed by adherence 
to culture flasks) were added to LC, the level of suppression to LC 
function (Fig 3) was much less than when an equivalent number 
(100,000) of basal keratinocytes were added (Fig 4) . This suggests 
that it is not antigen dilution or cell crowding that is causing this 
reduction of LC function but the production of specific factors by 
keratinocytes that is higher in basal keratinocytes compared with 
supra-basalar keratinocytes. 
In conclusion we present a simple, reproducible method of purify-
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ing LC from human epidermal cell suspensions. Using this me~h?d 
we will be able to further investigate the functional characterIStiCS 
of purified LC and the effects that keratinocytes have on them. 
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